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Waist Circumference, Waist Hip Ratio and Body Mass Index in Female
Undergraduates of a Tertiary Institution in Nigeria: a Cross-sectional Study
Abstract
Purpose: Obesity and overweight are associated with variety of conditions detrimental to health, wellbeing
and longevity. Waist circumference and waist to hip ratio are indicators of risk of central adiposity while
body mass index is an indicator of overall risk of obesity. Body mass index has been traditionally used as
a standard for determining overweight and obesity. This study was designed to determine the relationship
between waist circumference, waist to hip ratio and body mass index among female undergraduates of
a Nigerian University. Also prevalence of obesity based on waist circumference, waist to hip ratio and
body mass index was explored. Methods: Three hundred and sixty four apparently healthy subjects were
recruited for the study using a cross-sectional simple random sampling technique. Waist circumference,
waist to hip ratio and body mass index were determined using standard methods. Descriptive statistics
were used to summarize the physical characteristics of the participants. Pearson correlation coefficient
was used to analyze the relationship between waist circumference, waist to hip and body mass index.
Results: The mean age, waist circumference, waist to hip ratio and body mass index of the participants
were 22.5 (±2.20) years, 79.36 (±10.4) cm, 0.81 (±0.06), and 22.48 (±4.50) kg/m2 respectively. The
prevalence of obesity based on body mass index, waist circumference and waist to hip ratio was found
to be 6.3%, 17.6% and 25.5% respectively. Significant relationship was found between waist circumference
and body mass index (r = 0.81; p< 0.001), and between waist to hip ratio and body mass index (r = 0.25;
p< 0.001). Conclusions: Body mass index was related to waist circumference, as well as to waist to hip
ratio. The prevalence of obesity based on waist to hip ratio was highest among female undergraduates in a
Nigerian university. Awareness on the importance of waist to hip ratio as indicator of risk of obesity should
be created among female undergraduates in Nigerian Universities and by extension among the women
population in general.
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ABSTRACT
Purpose: Obesity and overweight are associated with variety of conditions detrimental to health, wellbeing, and longevity. Waist
circumference and waist-to-hip ratio are indicators of risk for central adiposity while body mass index is an indicator of overall risk
of obesity. Body mass index has been traditionally used as a standard for determining overweight and obesity. This study was
designed to determine the relationship between waist circumference, waist-to-hip ratio, and body mass index among female
undergraduates of a Nigerian University. Also prevalence of obesity based on waist circumference, waist-to-hip ratio, and body
mass index was explored. Methods: Three hundred and sixty four (364) apparently healthy subjects were recruited for the study
using a cross-sectional simple random sampling technique. Waist circumference, waist-to-hip ratio, and body mass index were
determined using standard methods. Descriptive statistics were used to summarize the physical characteristics of the participants.
A Pearson correlation coefficient was used to analyze the relationship between waist circumference, waist-to-hip ratio, and body
mass index. Results: The mean age, waist circumference, waist-to-hip ratio, and body mass index of the participants were 22.5
(±2.20) years, 79.36 (±10.4) cm, 0.81 (±0.06), and 22.48 (±4.50) kg/m 2 respectively. The prevalence of obesity based on body
mass index, waist circumference, and waist-to-hip ratio was found to be 6.3%, 17.6%, and 25.5% respectively. A significant
relationship was found between waist circumference and body mass index (r = 0.81; p< 0.001), and between waist-to-hip ratio and
body mass index (r = 0.25; p< 0.001). Conclusions: Body mass index was related to waist circumference, as well as to waist-tohip ratio. The prevalence of obesity based on waist-to-hip ratio was highest among female undergraduates in a Nigerian university.
An awareness of the importance of the waist-to-hip ratio as indicator of risk of obesity should be created among female
undergraduates in Nigerian Universities and by extension among the female population in general.
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BACKGROUND
Obesity is one of the leading preventable causes of death that poses serious a public health problem in this century.1 It was thought
to be a disease of developed nations, but emerging evidence now suggests an alarming and increasing prevalence in the
developing nations.2,3 An estimated 20-50% of the African urban populations are either overweight or obese.4,5 In the West African
sub region, a prevalence rate of 10% has been reported, with urban women 3 times likely to be overweight or obese than men.6 A
similar high prevalence has been reported in Nigeria and being overweight or obese is particularly higher among women in northern
Nigeria.2,7
Obesity is the accumulation of excessive fat to the extent of affecting health and general well being that can cause physical and
psychological distress.3 It is associated with non-communicable diseases and contributes to morbidity and mortality among
adults.3,6,8 Obesity may be evaluated through anthropometric measures such as waist circumference (WC), hip circumference
(HC), waist-to-hip ratio (W/H) and body mass index (BMI).9,10 BMI is mostly used as an initial assessment to identify individuals at
risk for problems related to being overweight or obese and has been shown as an indicator of overall obesity, while WC and W/H
are indicators for abdominal obesity.11
Results of previous studies on these anthropometric indicators of obesity and obesity-related problems show many
discrepancies.11-22 For example, in the Netherlands, a study concluded that WC predicts overweight much more than BMI,
suggesting it could replace BMI and W/H as an indicator for weight management.13,19 A study among aboriginal people of Australia
indicates that WC, BMI, and hip circumference (HC) are associated with cardiovascular outcomes, but WC is a better correlate of
visceral fat and a predictor of cardiovascular disease (CVD) risk than the WHR.20 However, another study, found that both WC and
W/H predict abdominal obesity as indicator of risk of CVD.17
Available literature on the relationship of the anthropometric measures such as WC, WHR, and BMI with obesity and its related
complications are mostly conducted in different populations in the developed countries. The few available ones from the developing
countries concentrated on the comparison between men and women.5,23 Moreover, there has been argument regarding the use of
BMI, hence, other indicators are required in order to compliment the BMI measurement used mostly to identify those at risk of
obesity-related morbidity because of abdominal fat accumulation.3,22
There is scarcity of documented information about anthropometric indicators of obesity among female university students in
Nigeria. Understanding simple and easy to use anthropometric measures that can best predict the risk of becoming overweight or
obese among female university students could be useful in the prevention and control of the increasing prevalence of chronic
diseases occurring in Nigeria. The objective of this study was to determine the relationships between outcomes from BMI and WC,
and W/H. As a secondary objective, the prevalence of obesity using the 3 measures of adiposity including WC, W/H and BMI were
explored.
Methods
Research Design, Setting, and Study Population
The research design was a cross sectional survey. The setting was female students’ hostels of University of Maiduguri, Maiduguri,
Nigeria. Female undergraduate students of University of Maiduguri, Maiduguri, Nigeria were the study population.
Sample Size
The sample size was determined statistically using the Taro Yamane formula for a finite population: n=N/1+N (e)2 ; where n=
sample size, N= finite population, e= level of significance (also termed limit of tolerable error), and 1= constant.
Given N= 3032, e= 5.0% (0.05). A total of 389 participants were required considering 10% attrition rate. However, 364 participants
responded accounting for 93.6% response rate.
Sampling Technique
Simple random sampling technique was employed to recruit participants who were contacted in the hostel in their rooms, after
the purpose and benefits of the study was explained to them.
Study Instruments
The instruments for this study included a calibrated wooden height meter used to measure the participants’ height to the nearest
0.1cm. A weighing scale (Hanson, China) was used to measure the participants’ weight to the nearest 0.1kg, and an inelastic tape
rule (Butterfly Shanghai, China) was used to measure waist and hip circumferences to the nearest 0.1cm. Prior to use, the weighing
scale was calibrated and was also re-checked between subjects.
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Ethical Issues
The ethical approval of the study was granted by the ethics committee of the University of Maiduguri Teaching Hospital. The
participants were contacted individually in their hostel rooms where they were briefed about the purpose, benefits, and the potential
risks of the study. The participants were assured that all information obtained for the study would remain confidential and would
only be used for research purpose. The procedure of the study was explained to the participants, and those who were voluntarily
willing to participate gave signed informed consent prior to the commencement of the study.
Participant Consent
Participants were randomly sampled from the list of all female students living on campus. The list was obtained from the hostel
administration office of the University. Each participant was contacted individually in their halls of residence for recruitment. The
purpose and benefits of the study was explained to them; they were also informed that all information obtained from the study
would remain confidential and would be treated with honesty.
Data Collection
All measurements were conducted by a single research staff and performed in the participants’ hall of residence on campus. The
measurements were made based on standard guidelines.24 Weight was measured with the participants wearing light clothing and
without external materials that may increase weight, and the reading was recorded to the nearest 0.1kg. Height was measured
with the subject in standing position and back against the wooden height meter without shoes and the measurement was recorded
to the nearest 0.1cm. Measurements were taken twice, and if there were differences, a third measurement was taken and an
average of the closest 2 was used for data analysis. For a majority of participants, the first two measurements were very similar,
suggesting a good evidence of intra-rater reliability for all measurements. BMI was calculated by dividing the weight in kg by the
square of height in meter (kg/m2), and participants were considered to be obese when they have BMI ≥ 30kg/m 2 .3 Obesity was
further classified into class one (30-34.9kg/m2, mild obesity), class two (35-39.9kg/m2, moderate obesity), and class three
(≥40kg/m2, severe obesity).3 WC was taken at the point midway between the costal margin and iliac crest in the mid-axillary line
with the subject standing and breathing normally, and the measurement was recorded to the nearest 0.1cm. A WC greater than
88cm was an indication of abdominal obesity among the participants. HC was measured at the widest point around the greater
trochanter with the subject standing, and the measurement was recorded to the nearest 0.1cm. W/H was calculated by dividing
the waist measurement by the hip measurement, all in centimeters, and W/H more than 0.80 was an indication of increased health
risk among participants.
Statistical Analysis
The data were double checked and cleaned to ensure that the entire variables were properly documented and to detect any missing
or erroneous value during data entry. Descriptive statistics of mean and standard deviation were used to describe the physical
characteristics (age, weight, height, BMI, WC, HC, W/H). Also, frequency and percentage were used to describe the prevalence
of obesity as assessed by WC, W/H, and BMI of the participants. A Pearson correlation coefficient was used to determine the
relationship between WC and BMI and between W/H and BMI among female undergraduates. Statistical package for Social
Sciences (SPSS version 20.0.1) was used for the data entry and analyses. Statistical significance was set at p = 0.05.
RESULTS
A total of 364 female undergraduate students participated in the study. Their mean age, weight, and height were 22.51±2.20 years,
58.86±12.11kg and 1.62±0.07m respectively. The detailed physical characteristics of the participants are presented in Table 1.
Table 1: Physical characteristics of the participants (n=364)
Variables
Mean
SD
Age (years)
22.51
2.20
Weight (kg)
58.86
12.11
Height (m)
1.62
0.07
BMI (kg/m2)
22.48
4.50
WC (cm)
79.36
10.04
HC (cm)
97.15
9.59
W/H
0.81
0.06
BMI= body mass index; WC= waist circumference; HC= hip circumference; W/H= waist-to-hip ratio
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Table 2 shows the prevalence of obesity among the participants. Twenty three participants (6.3%) were obese based on the BMI
measurements. Waist circumference shows that 17.6% of the participants were obese while waist hip ratio recorded the highest
(25.5%) number of participants who are obese.

Variables
BMI
WC
W/H

Table 2: Prevalence of obesity based on anthropometric measurements (n=364)
Obese
Non-obese
n
%
N
%
23
6.3
341
93.6
64
17.6
300
82.4
73
25.5
271
74.5
n= frequency; %= percentage; BMI= body mass index; WC= waist circumference; W/H= waist-to-hip ratio

In Table 3, the relationship between WC and BMI was shown to be positive and significant (r= 0.81; p<0.001). Also there is
significantly positive relationship between W/H and BMI (r=0.25; p<0.001).

Variables
WC
W/H

Table 3: Relationship between WC, W/H, and BMI
BMI
Mean (SD)
r-value
79.4 (±10.0)
0.81
0.81 (±0.60)
0.25
WC= waist circumference; W/H= waist-to-hip ratio

p-value
<0.001
<0.001

DISCUSSION
Obesity is a matter of great concern, especially in women, for its vulnerability to various chronic conditions such as diabetes,
hypertension, hyperlipidemia ,and cardiovascular diseases with attendant morbidity. This study determined the relationship
between WC, W/H and BMI as indicators of obesity among female undergraduates.
A study that investigated BMI, WC, and W/H as diagnostic tests for fatness in adolescents found the mean BMI within normal range
according to the WHO classification.25 Also the mean BMI in the present study falls within the normal range and similar results
have been reported elsewhere.26 The mean WC of the participants found in this study is as well in line with the findings of a recent
study.5 The normal range of WC and W/H as specified is 79-88cm and 0.80-0.84 respectively.22 The mean WC and W/H of the
participants were found to be within the normal range. This is consistent with the findings of previous studies.5,26 The consistence
of our findings with that of Kamadjeu et al may not be surprising because both participants had similar height and WC.5 However,
this finding differs from that of Onat et al who reported higher values for both WC and W/H in a study of the Turkish adult
population.27 The difference observed may be as a result of the inclusion criteria; while men and women participated in their study,
our study recruited only female undergraduates. In addition, their study subjects were aged 25-74 years whereas the age range of
subjects in this study was 18-25 years with a mean of 22.5±2.20 years. Other reasons could involve racial difference, genetic
predisposition, and lifestyle of the participants.
In their study of anthropometric measures and prevalence of obesity in the urban adult population of Cameroon, Kamadjeu et al
assessed the prevalence of obesity based on BMI, WC, and W/H.5 The result showed 19.5% of the female participants were
obese based on BMI measurement. The present study found based on BMI that only 6.3% of the participants were obese.
Huang et al also reported a higher prevalence (21.0%) in their study of obesity among the elderly. 28 The lesser prevalence in our
finding may be due to the difference of the study population, environmental factors, and the sample size.
Higher prevalence of 17.6% and 25.5% using WC, and W/H measurements respectively were observed in the present study. This
agrees with the study of Kamadjeu et al where higher prevalence was found based on WC and W/H measurements.5 Also, higher
prevalence using WC measurement has been reported in another study.29 The higher prevalence obtained may be associated with
the excess visceral fat around the abdominal region as well as excess fat deposition around the thigh region, which is often
overlooked by most women.
BMI provides a raw measure of obesity across populations; hence, it can be used to estimate the prevalence of obesity and obesityrelated risk factors within a population.3 However, other methods that identify people susceptibility to risk of obesity and its related
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problems as a result of abdominal fat accumulation would be useful as complimentary to BMI. This is true, since W/H >1.0 in men
and >0.85 in women indicates abdominal fat accumulation.22
Studies have reported A significant correlation between WC and BMI as well as between W/H and BMI in female
populations.5,20,23,27 Similarly, the present study found a positive and statistically significant relationship between WC and BMI (r=
0.81; p= <0.001). Also, W/H was statistically significant and positively correlated with BMI (r= 0.25; p= <0.001), supporting
previously reported results.
Limitations
This study has limitations as the cross-sectional nature of the study could not permit establishing causal relationships. However,
this study is, as far as we can ascertain, the first of its kind in this population. The results buttress the need to incorporate other
anthropometric measurements in addition to the traditional BMI measurement of obesity and its related morbidities.
CONCLUSIONS
There is significant correlation between WC, W/H, and BMI, and the prevalence of obesity is relatively low among the study
population based on the BMI alone. However, it is high based on the other parameters, especially W/H. Therefore, awareness
should be created about the importance of W/H as indicator of obesity among female undergraduates in Nigerian universities and
by extension to the overall population of women. Health professionals should consider assessment of WC and W/H of female
patients/clients in order to detect obesity early and commence proper intervention. Further studies on a larger sample should
include factors such as lifestyle, socioeconomic status, and physical activity among female undergraduates in Nigerian universities.
This may add to the available information on the burden of being overweight or classified as being obese as a woman.
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